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"Biological Assays" 

This application is a continuation of co-pending Application No. 09/750,348, filed on December 
29, 2000, the entire contents of which are hereby incorporated by reference and for which priority 
is claimed under 35 U.S.C § 120. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a biological assay and a biological assay apparatus. 

Biochemical, microbiological, chemical and many other assays are being performed 
every day in laboratories. While a considerable amount of attention has naturally been 
placed on such biological cell assaying for humans, this is also be becoming more 
important in the field of animal welfare and indeed plant production generally. 

A rapidly advancing research area in biology is the study of cell receptor-ligand 
interactions resulting in cell-substratum and cell-cell adhesion followed by subsequent 
cell migration. The pre-requisite to transendothelial migration of certain cell lines into 
sites of infection is paramount to the study of inflammatory diseases. This can be 
briefly summarised as cell flow and rolling, tethering and activation of integnn receptors 
which is a key recognition step, attachment to the endothelial ligands via activated 
integrins and finally transendothelial migration or diapedesis. Unfortunately, to date, 
most of the assay techniques are not particularly successful for the study of these 
mechanisms. Currently, the majority of studies involving cell rolling and chemokine 
induced cellular arrest have utilised capillary systems wherein cell flow and shear 
stress are controlled utilising syringe pumps. Such observations are constrained by a 
number of factors. Firstly, the relative large (> 100 M m) size of the standard glass 
capillaries limits the physiological analogies to the proximal microvascular regions. 
Secondly, such studies can only be utilised to study single end-points and cannot be 
utilised to examine cell choices in migration. Thirdly, optical aberrations related to the 
spherical geometry of the glass capillary sections limit stage-related in situ (post- 
fixation) analysis of the intracellular structures (cytoskeleton and signalling molecules). 
Finally and most importantly, the usual observation periods lie between 5-30 minutes 
for rolling experiments. Longer studies are required to study subsequent crawling 
steps on endothelial and extracellular matrix ligands. In this regard, studies relating to 



the effects of chemokines have largely been limited to cellular arrest on adhesion 
receptor ligands and have not been extended to the study of cell crawling. For 
example, specific chemokines have been shown to induce rolling arrest with enhanced 
binding of lymphocytes to ICAM-1, otherwise known as CD54. 

Presently accepted techniques for cell adhesion or binding assays involve the initial 
coating of a surface of a device with a substrate, typically a protein. Cells are 
deposited onto the substrate and allowed to settle. Following the settling of the cells, 
the device is placed on a heating stage at 37°C, which is attached to an inverted 
microscope for visual analysis, or alternatively to a stand-alone heating stage and 
progression of cell binding can be checked at intervals with the inverted microscope. 
The duration of these assays may be varied depending on the cell line and choice of 
substratum. Following cell adhesion, free cells may be washed away and a 
subsequent cell count may be earned out. 

Although these methods provide us with semi-quantitative information regarding a cell 
type's affinity for a particular substratum, there is no simple method for quantitative 
characterisation of binding or methods enabling a prolonged study of cell rolling, the 
ensuing capture by the substratum and subsequent attachment. Furthermore, direct 
studies of changes in cell morphology, cell growth and biochemical changes cannot be 
provided easily with these techniques since, determining the kinetics of attachment 
and resulting morphological changes requires multiple replicated experiments being 
analysed at different times. 

Description of Prior Art 

US Patent Specification No. 5998160 (Berens et al) describes a static assay which 
unfortunately does not have any consideration of cell flow and rolling. 

The ability of T-cells circulating in the bloodstream to adhere to the endothelium, switch 
to a motile phenotype and penetrate through the endothelial layer is recognised as a 
necessary requirement for the effective in vivo movement or as it is sometimes 
referred to, trafficking of specific lymphocyte sub-populations. Motility assays are done 
in combination with attachment assays since following adhesion; cells are expected to 



switch to the motile phenotype. Motility assays are assessed by estimating the ratio of 
cells undergoing cytoskeletal rearrangements and the formation of uropods (extension 
of the trailing tail). One of the major disadvantages of this and the previous adhesion 
assays is the geometrical design (microscope slides and multiple well chambers), 
which does not at all resemble the in vivo situation. 

The most commonly used cell transmigration assay is a modified "Boyden chamber 
assay such as described in US Patent Specification No. 5578492 (Fedun et al). This 
involves assessing the crossing of a quantity of cells through a microporous 
membrane under the influence of a chemoattractant, recombinant or cell-derived. 
Here the diameter of the micropores are less than the diameter of the cells under 
investigation, such that the cells must deform themselves in order to squeeze through 
the pores thereby constructing an analogy to the transendothelial migration of cells in 
physiological circumstances. Once cells are deposited onto the membrane, the 
chamber can be incubated for intervals over time at a suitable temperature, usually 
37o. Following this, the bottom chamber or opposite side of the top chamber may be 
analysed for cells that have squeezed through the microporous membrane. 

US Patent Specification Nos. 4912057 (Guirguis et al), 5284753 (Goodwin et al), 
5302515 (Goodwin et al), 5514555 (Springer et al) and 5601997 (Tchao) are typical 
examples of these assays. The main disadvantage of the assays described in those 
specifications is that the biological process of transmigration through the micropores is 
difficult to observe due to the geometrical configuration of the apparatus involved. The 
lens of the optically inverted microscope must be able to focus through the lower 
chamber and the microporous membrane. This obviously leads to difficulties due to 
optical aberrations. In effect, the study of the cells morphology changes while 
transmigrating across the membrane and their subsequent cytoskeletal changes 
reverting to their former state is a process which is difficult to monitor and record due to 
limitations with current techniques. In addition/although it is possible to alter such an 
experiments parameters following the initiation of the experiment, such as the 
introduction of a second chemoattractant, recombinant or cell-derived, at some 
specified time after commencing the experiment, it is not possible to distinguish 
separate effects from each said chemoattractant. 
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n addition to ce„ biotogy studies. the pharmaceutical industry has major probiems in 
the drug screening process and while high throughput screening (HTS) has been 
extremely successfu, in the elimination of the targe majority of unsuitabie drugs it has 
not progressed beyond that and usually, after a successful HTS assay a 
Pharmaceutical company may still have 7.000 possible drugs requiring assessment 
Th,s requires animal trials and anything that can be done ,o reduce me amount of 
animal trials is to be desired. Thus, mere is a need for new techniques for drug testing 
.n the pharmaceutic*, industry. The current proposals are to screen me physiological 
response of cells ,o biologically active compounds such as described in US Paten. 
Specification No. 6,03479 (Taytor). This again, unfortunately, is stiil a static test 
S,nce the cells are spatially confined with me drug, there may be a reaction bu, i, may 
no, necessarily take place when the cells are free to flow relative ,o the drug as in for 
example, the microcapillaries of me body. There are other disadvantages such as me 
fransport and subsequent reaction of me dmg following its injection into the animal 
Probably me most important disadvantage is mat i, does no. in any way ,es,, in a real 
situation, drug efficacy. 

Finally, mere are no techniques a, me present moment for performing assays to test 
the .nteraction of a large number of chosen compounds with living cells while me calls 
or compounds mimic me in vivo situation of continuous flow. 

While in the description herein, the examples all re fer ,o animal cells and indeed 
ma,my human cells, me inventon equal* applies ,o plan cells. The tern, "sample 
i,qu,d- refers to a suspension o, tiving cells within a suitable earner liquid wrtich is 
effectively a culture medium. More man one eel, type may be in suspension. Further 
me term "reagent liquid" could be any liquid ftom a dnrg under assessment, a poison a 
cell nutrient chemoadractant, a iiquid containing other cells in suspension or indeed 
any l,quid who's effect the sample liquid requires assessment 

3 o The present inventon is directed towards providing such methods and apparatus for 
performing such assays. 
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Summary of the Invention 



The present invention provides a biological assay method comprising:- 

delivering a sample liquid of a suspension of cells at a controlled steady flow 
rate through a biochip in the form of an elongate enclosed microchannel; 

causing an externally generated test to be earned out on the sample liquid as it 
is being delivered through the biochip; and 

examining the sample liquid over time to observe the effect of the test on the 
sample. 

The externally generated test can be carried out in many ways, for example, it can 
comprise coating the internal bore of the biochip with a p rotein w hich could, for 
example, be an extracellular matrix ligand or could be formed by an endothelium layer 
which in turn would be formed by seeding the biochip with endothelial cells allowing 
the cells to grow on the walls. The cells can be taken from an animal or indeed most 
often from a human, but could also be from a plant. The bore of the biochip, in certain 
tests, is substantially the same size as the post capillary venules of an animal or, more 
particularly, a human. With such a method, for example, one can have tests for cell 
flow, rolling, tethering and migration of previously adhered cells, and adhesion. All of 
these may be recorded in any suitable manner. It is envisaged that the velocity of the 
delivery of the sample liquid may be varied to provide different test conditions or the 
velocity of the delivery of the sample liquid can be increased until previously adhered 
tests are removed and then the velocity forms a measure of the adherence: 
Alternatively, a separate flushing liquid may be introduced to remove previously 
adhered cells, the velocity of the flushing liquid forming a measure of the adherence. 
Needless to say, after cells have been adhered to the protein, the sample liquid could 
be replaced by a reagent liquid and the effect of the reagent liquid could be observed. 
The reagent liquid could be any suitable liquid. One could be, for example, an 
adhesion detachment reagent liquid and thus the effect of this on the previously 
adhered cells could be monitored. Needless to say, any reagent liquid may be 
delivered simultaneously with the sample liquid through the biochip to achieve various 



tests. For example, it would be possible to deliver a reagent liquid at a controlled 
steady flow rate through another microchannel connected to the first microchannel, the 
channels being connected intermediate their ends by an interconnecting channel. The 
fluid pressure of the liquids could be chosen so as to cause a diffusion of the reagent 
through the interconnecting channel or alternatively the fluid pressures could be 
maintained equal to prevent diffusion of the reagent. Similarly, the channels may be 
connected intermediate their ends by an interconnecting channel having a restricted 
entry throat, which restricted entry throat would preferably have a cross sectional area 
less than that of a cell when the cell is freely suspended in the sample liquid. This 
would be a very good way of studying the mechanisms involved in cell migration from 
the endothelium to the extracellular matrix. 

In other embodiments, the bore of the microchannel could be provided with a 
hydrophobic coating such as liquid silicon. 

It is envisaged that more than one cell type may be held in suspension as this often 
happens in practice and indeed in many instances, it may be advantageous to deliver 
a reagent liquid and a sample liquid through the microchannel to form multilaminar flow 
and then if the reagent liquid comprises a chemoattractant suitable for one of the types 
of the cell, it will be possible to effectively separate that particular type of cell from the 
sample. 

Further, the invention envisages a method in which the biochip comprises two 
microchannels, one a feeding microchannel having a cell reservoir intermediate its 
ends and the other a reactant microchannel connected to the reservoir by a 
connecting means comprising:- 

storing cells in the cell reservoir; 

feeding and growing the cells in the cell reservoir by delivering a culture 
medium through the feeding microchannel; and 



delivering reagent liquid through the reactant microchannel. 



The reagent liquid could, for example, be one or more of a chemoattractant. toxic 
substance or pharmaceutical preparation and these could be recombinant or cell 
derived. 



It is envisaged that a plurality of tests can be earned out simultaneously using the one 
sample liquid forming portion of a large sample and using different test conditions or 
alternatively, a plurality of the same tests may be earned out using different sample 
liquids and the same test conditions. 

According to the invention, there is provided a biochip comprising:- 
an elongate main microchannel; 

an inlet port mounted on the proximal end of the main microchannel; 
an outlet port adjacent its distal end; 

a separate liquid feeder microchannel connected to the main microchannel. the 
feeder microchannel having an inlet port; and 

an outlet feeder port connecting the feeder microchannel and the main 
microchannel. 

Ideally, the outlet port between the feeder microchannel and the main microchannel 
has a restricted throat. Further, there can be produced a biochip comprising two 
separate main microchannels and a connecting microchannel connecting the two 
separate main microchannels. Such separate microchannels can be parallel, diverge 
towards each other and indeed the connecting channel may also have a restricted 
throat or the channel itself may just have a restricted cross section. 

Further, there is provided a biochip comprising:- 



two separate main microchannels; and 
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a common microchanne, connected to the two main miaochannels to provide 
an extension of the two main microchannels. 

_ This common microchanne, can feed two further microchannels and indeed the 

iZmtdT T. comprise a maln mlcrochannel and a 

temtediate ,«s ends, the take-off micnochanne, having an entnance which projects into 
•he matrt microchanne, to divert flow from the main mioochanne, into the take-off 
mtcrocrtanne,. Further, a microwe,, can be incorporated ,n a microchanne, fom,,ng part 
of a b,och,p, which microwe,, may have connected .o it a further feeder microchanne, 
de,,venn fl ,n,o and out of the microwe,,, the feeder micrcchanne, having an Net port 
adjacent ,ts proximal end and an outlet port adjacent is distal end. 

I. js envisaged that me microchanne, according to the present invention wil, generally 
have a p,anar top wa„ to a,,ow good opflca, properties for examination under a 
metroscope and generally speaking, the microchanne, comprises p.anar top. bottom 
and s,de wa,,s which side wa„s taper ou^ards and upwards away from each oflner. 
Ideally, the top wall is removable and is fomted from a plastics film. 

Preferably, each port has a bubble release port and valve associated .herewith The 

oTeir 0 " 3 ! " °' ^ T r0Channe ' iS b6,Ween 25 <° 10 -°°° Mm" and 
preferably greater than 400 pm 2 

« is envisaged tha, assemblies comprising a p,u ra ,«y o, biocbips as described above 
w,,, be fanned on me one base sheet and ™,, prefetably have various common feeder 
mtcrochannels having ports therein. The advantage o, a whole lo, o, bioohips a„ on 
the one sheet is that they can be readily easily examined by (be one microscope. 

Brief Desc ription of fh e Drawing s 

The invention win be more Ceariy understood from the following description thereof 
0»n by way of examp,e only, with reference to the accompanying dravrfngs. in 



Fig. 1 is a plan view of a biochip according to the invention. 
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Fig. 2 is a sectional view along the lines 11-11 of Fig. 1, 

Fig. 3 is a diagrammatic view of an assay assembly according to the invention, 
Fig. 4 is a plan view of a biochip assembly utilising the biochips of Fig. 1, 

Fig. 5 is an enlarged view of the circled portion identified by the reference letter 
A in Fig. 1, 

Fig. 6 is a further enlarged view of the circled portion identified by the reference 
letter A in Fig. 5, 

Fig. 7 is an enlarged portion of the biochip identified by the letter A in Fig. 1 for 
15 a different assay, 

Fig. 8 is an enlarged view of the circled portion identified by the reference letter 
A in Fig. 7, 
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Fig. 9 is a view similar to Fig. 8 showing a different assay according to the 
invention, 

Fig. 10 is a plan view similar to Fig. 1 of an alternative construction of biochip, 

Fig. 1 1 is a plan view of a biochip assembly utilising the biochips of Fig. 10, 

Fig. 12 is an enlarged view of the circled portion identified by the letter A in Fig. 
1 1 illustrating one assay, 

Fig. 13 is a plan view of another biochip according to the invention, 

Fig. 14 is an enlarged view of the circled portion identified by the reference 
letter A in Fig. 13 illustrating another test, 
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Fig. 15 is a plan view of a still further biochip according to the invention, 

Fig. 16 is an enlarged view of the portion identified by the letter A in Fig. 15, 

Fig. 17 is a plan view of a still further biochip according to the invention, 

Fig. 18 is an enlarged view of the portion identified by the reference letter A in 
Fig. 17. 

Fig. 19 is a plan view of a still further biochip according to the invention, 

Fig. 20 is an enlarged view of the portion identified by the reference letter A in 
Fig. 19, 

Fig. 21 is a plan view of a still further biochip according to the invention, 

f 

Fig. 22 is an enlarged view of the circled portion identified by the reference 
letter A in Fig. 21, 



Fig. 23 is a plan view of a biochip assembly incorporating the biochip of Fiq 
21. 



Fig. 24 is an enlarged view of portion of another biochip according to the 
invention. 



Fig. 25 is a plan view of a further biochip according to the invention, and 

Fig. 26 is an enlarged view of a portion of the biochip identified by the 
reference letter A in Fig. 25. 

Detailed Description of th* Preferred FmhoHimo^o 

in the drawings, there are described many micro-fabricated biochips having a plurality 
of ports which it would be very confusing to identify by different reference numerals in 
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the drawings of each microchip or biochip. Thus, all the ports in the drawings are 
.dentified by the reference numerals 1 to 40. Accordingly, in certain circumstances an 
outlet port will be identified by the reference numeral 4 and in another embodiment it 
may be an inlet port. However, for clarity in viewing the drawings, this scheme of 
identification has been adopted. 

Referring to Figs. 1 and 2, there is illustrated a biochip, indicated generally by the 
reference numeral 50 comprising a microchannel 51 formed in a base sheet 52. The 
microchannel 51 comprises a top wall 53 formed from plastics film and has a planar 
bottom wall 54 and tapering side walls 55 which taper outwardly away from the bottom 
wall 54. A fluid inlet port 1 is illustrated in Fig. 2. The biochips 50 are fabricated using 
standard lithographic and hot embossing techniques. A stainless steel substrate is 
masked with photoresist (SU-8-5 m, as distributed by Chestech). After ultraviolet 
lithography, the photoresist mask is delivered and the substrate is electrochemically 
etched to produce a negative master mould in stainless steel. The remaining mask is 
subsequently removed. Hot embossing is employed to replicate the microfluidic 
pattern of the microchannels 51 in a variety of thermoplastic materials such as PMMA 
polycarbonate, and polystyrene. The liquid inlet and outlet ports, such as the port l' 
are glued in position. The biochip is treated in oxygen plasma (0.1 torr, 80% oxygen 
and +100V for 30 seconds) to ensure a hydrophilic surface and is subsequently sealed 
with a pressure-sensitive film (PHARMCAL PM-150-c TC-249 V-232C 150 POLY H9 
manufactured by Flexcon). This film is a 1.5 mil top-coated clear polyester A.m. coated 
w.th a permanent adhesive containing a photoluminescent additive, backed with a 1 5 
mil polyester release liner. The width of the channels may vary from 20-100 urn and a 
depth from 20-40 urn. The biochip 50 is thus an optically transparent structure The 
biochip 50 illustrated in Fig. 1 has a liquid inlet port 1. a bubble release port 2 
■ncorporating a bubble release valve, an outlet port 3 and a bubble release port 4 
associated with the outlet port 3. 

It will be appreciated that to a certain extent, the term "input port" and "output port" is a 
misnomer since in one circumstance, a port may operate as an input port and in 
another circumstance, as an output port. The size of the microchannels can vary in 
cross section from between 5 ^m x 5 ^m to 100 ^m x 100 H m but will generally exceed 
20 x 20 nm. 
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*** so. An epffluoresce ~ « « are mounted 

10 R ^^::zT^:ri a bioch,p — * *— — * * 

(0 «. into, ports , , 5 9 ,77a ^ * ~ - - (a, ,o 

mto-ocrtanneHoanirtletpcrt^S ha t " 5 ° " ""^ * * T 

» ^ aPParatus rtescnii ease ^ 26 -~ — 

as wi„ be d escric.e d he re ,na«er ha " ^ L T ^ ^ — *» 

«* on en d che»a, , i9and s or el 'T , ' ' nC,Udin9 *" *—*»■«. * 

channe,. Trte use of ,l ge " ~7 " 9andS ^ 3 «» *- 

described as such app arat us and schl ^ Pr ° V ' ded and is n °< 

««•. *«, a bi : hip : a :rz:r - known in ,he a * — - 

subscript letters are used. ^ than ° ne ^rochannel. 

■a usu a , ly ort, y n J sa ; 0 ZeTriT ° U ' 3 ^ °' aa * 

-(a) ,0 50(0 by s imple IT"-"* " " ^ 

nner, ,t w.ll be apprecated that assemblies 
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«h greater than six separate biochips mounted thereon, may be advan,a 0 eous By 

TZTt ,ar9e aSSemb " eS ' ** * '° a - 

«M« biochips and using the one mtaoscope, i, shou* be possibie to oanv ou, a 

multitude of assays at the same time. 

The present exampies relate mainly ,o ceN assays o, humans and the cells were 
eomatned ,n the soluton o, culture medium a„ mainlined a, 37°C. It is we,, Known 

st d T T ^ eSSen ' ial nUMOna ' reqUirementS ,OT IMn » o* and 

stendard cuHure medium was used. A minima, medium contained glucose as a source 

c 71 Po^f' a$ S ° Urce " nitr ° 9en and Sa " s such as Na ' * M ^ SO/. 
CI and PO, . ,n certain circumstances, in canying ou, the tests, when a ncher culture 

medium «. required, partly hydrolysed anima, or plan, issues nch in amino acids 

short peptides and lipids, were used, as we,, as yeas, ex^c, which is nch in vitamins 

and enzyme cofactors. nucleic add precursors and amino acids. 

One o, the major duties in canyin, ou, an assay according ,o ,he presen, invent 
"» "° w rate «« -P< - cons,an, as possible. The prob,em w„h 
vana ons in How ra ,es is ,ha, ,hey can provide varta,ions in ,he shear Ls on 2 
wail, for examp,e, of a capi„ary or of a microchanne, such as in accordance w* ,he 

:tT Typicai now ra,es in ,he assays were in ,he «- <™ >° 

10 ^. The corresponding ,inear ve,oci,es for .hese now rates were 0.5 pm/s ,o 
5cm/s respectively. H 



Mhe assays now being descdbed, the microcha„ne,s were compare in size to me 
post capillar venu,es in the human bodies and thenafore i, is suggested ma, ,he 

ZTT T ,he na,ural environment more dose,y man *>* «** '°™ * 

channe,. Thus, when dea,ing with assays concerning venu,es in me human body 
s,es re of Ute order o, 20 ^ while for human capites, ,hey oan be as small as 8 
1" 6 — * "escrtbed. each port has associated therewim a 

bubb,e-re,ease port. This is vi,a, because bubbles in me microchanne, structures 
efte«,ve,y result in me termination o, an assay and therefore canno, be a„owed 
Inifcally upon injection into a microchanne, o, a biochip. the on,y port ma, will be open is 
"**'•<—• » has been found „ channe, oonnecing me input or 
outpu, port ,0 me bubbie-release port mus, bo wider man me m fero channe,s in ,he res 
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of the structure. The reason for this is that during pressure build-up, the fluid 
containing bubbles will be released through the wider channel connected to the 
bubble-release port and not through the microchannels of the remaining structure 
where the assay will be carried out. Following the release of these bubbles, the 
bubble-release port is closed and the fluid then flows throughout the microchannel 
structure. Finally, the length of the microchannel is varied depending on the test being 
carried out. 
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As mentioned already, a pressure-sensitive film is used to cover the biochip effectively 
sealing the microchannels. Thus, the pressure-sensitive film can be removed after the 
execution of an assay and accordingly it is possible, prior to removal of the film, to 
inject a solution which fixes cells to the film and the plastic substrate of the biochip 
enabling further study. The pressure-sensitive film may obviously be removed and the 
cells taken away for additional research. 

Referring to Figs. 1 and 2, to study the flow, rolling and migration of cells, a ligand, 
namely, an adhesion mediating protein, is injected into the port 2 and the inner bore of 
the microchannel 51 is coated with the protein. This is then stored to allow adherence 
of this ligand to the walls 53, 54 and 55 of the microchannel 51. In this embodiment, 
the microchannel was approximately 20 cm in length. A liquid sample carrying a 
specific cell in suspension was then injected into the port 2 and the subsequent 
progress of the cells was observed. 

In the various embodiments, the cells are identified by the reference letter C and by 
suitable lowercase lettering in brackets. In Fig. 5, the arrow F gives the direction of 
flow of the liquid sample and numeral 75 identifies the ligand. Cells C(a) can be 
observed as flowing normally through the microchannel 51 while finally the cell C(c) is 
starting to adhere to the ligand 75. This is again circled and identified by the reference 
letter A and is shown in more detail in Fig. 6. 

Referring now to Fig. 6. the cell C(c) is shown just beginning to attach to the ligand 75. 
The cell C(d) is shown adhering strongly to the ligand 75, in this case, the protein, on 
the channel wall 54 with adhesion plaques, identified by the reference C,. Finally, the 
cell C(e) is shown starting to migrate away from the ligand 75 with the leading edge of 
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the cell C 2 starting to pull away from the ligand 75 with the leading tether Ci starting 
also to elongate and break its contact with the ligand 75. 

Referring now to Figs. 7 and 8, in this assay, the ligand was provided by the seeding 
and subsequent growth of endothelial cells. This ligand is shown and identified by the 
reference numeral 76 in Figs. 7 and 8 and the cells are identified by the same 
reference numerals. Strictly speaking, the ligands which are available to bind to the 
receptors on the cells C(c) are on the surface of the endothelium cells. Endothelial 
cells were chosen as a HUVEC cell line. 

Referring now to Fig. 4, it will be seen that the biochip assembly 60 consists of six 
biochips 50, all of which can be used for the test previously described. It will be 
appreciated that, for example, many other tests can be carried out simultaneously. For 
example, the common port 26 can be used, for example, to coat all the biochips 50(a) 
to 50(f) with the one ligand or to inject the one sample liquid. 

Therefore, variations of the test can be carried out such as, for example, assaying one 
cell type and several ECM ligands. Then each of the biochips 50 would be coated with 
a different adhesion mediating ligand. Using the same pumping system, you inject at 
port 2 with flow through the output port 4 for 50(a), you inject at port 6 and the output 
at port 8 for 50(b), and so on. Having coated all the microchannels with the chosen 
ECM ligands, the specified cell type is injected then through the common port 26. This 
allows the researcher to build up a profile of the characteristic behaviour of a cell type 
in response to particular ECM ligands. The same test can then be earned out using 
different cell types and one ECM ligand in which case the ECM ligand would be 
injected at port 26 with outputs at ports 2, 6, 10, 14, 18 and 22 followed by subsequent 
injection of different cell types into each of the biochips 50(a) to 50(f) injecting at port 4, 
8, 12, 16, 20 and 24. This will allow the option of classifying an ECM ligand according 
to the behaviour of different cell types with regard to the multistep progress of rolling, 
tethering, adhesion and subsequent migration. Similarly, this can be done for several 
cell types with the one endothelial layer. 

Still dealing with the apparatus and the biochips of Figs. 1 and 4, it is possible to carry 
out a cell binding assay to identify proteins which will cause specific adherences of 
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particular cell types. From the known initial concentration of cells passed through the 
biochip during the course of the assay, it is possible to obtain an accurate statistical 
and qualitative result regarding the percentage of cells which adhered to the coated 
walls, providing a clear quantitative result for the adhesion affinity of a specific ECM 
ligand. Here the adhesion affinity refers to the response of cell by adhesion to the 
ECM ligand-coated channel; i.e. the greater the number of cells adhered to a particular 
ECM ligand, the greater the adhesion affinity of that ligand. In addition, knowing the 
velocity of cells within the channels and the length of the channels themselves, it is 
also possible to obtain a clear physical result regarding the response time of the cell 
type to its environment. Thus, it is possible to calculate how long it takes the cell to 
react to its surroundings based on its site of adhesion within the microchannel 
structure, for example, a cell type has attached to the chosen ECM ligand or ligands, 
coating the microchannel walls image acquisition and recognition software may be 
employed to execute an automated based image acquisition or recognition of the cell 
type or indeed carry out any form of manual cell count. 

Thus, for example, it is possible to do any of the following tests:- 

One cell type and one ECM ligand 
One cell type and endothelium layer ligand 
One cell type and several ECM ligands 
Several cell types and one ECM ligand 
Several cell types and endothelium layer ligand 

Obviously, various other variations, for example, various cell types and many ligands 
may also be used. The permutations and combinations are endless. 

Finally, the binding affinity can be calculated from the shear stress required to cause 
dissociation of bound cells. By increasing the flow of velocity in the microchannel until 
there is dissociation of cells from the walls, it is possible to get a measure of the 
relative binding strengths of various ligands. Therefore, from the strength of the shear 
stress or corresponding velocity causing dissociation, this can be related to the binding 
affinity which a particular cell type has for a corresponding adhesion-inducing and 
mediating ligand. Needless to say, this could be applied to all the assays that have 
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been cameo ou, a,ready. Any „ ushing liquid may be ^ ^ ^ ^ ^ 
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Retemn 9 now ,o F,g. 9, mere is i„us,ra,ed a view simi,ar ,o Fig. 7 in **, parts simi(ar 

reference numerais. In mis assay, ,o,,ow,ng aohesion of me cei, type to .he 

ZTT 9 h adheSi ° n - indU * 9 - *— * «" iigand. an adhesion inning 
rea gen«. reco mb , nant or denVed „ ^ ^ ^ a ^ 9 

biochip 50 of Fig 1 The cell r/n Mn k 
» men as Co, hj SeCUre ' ) ' anCh ° red to *» "8 a " d ^ 

r a i r rr separa,e and finany * c<h) ha * 9 s ~ «•* - 

N 8 and. After me dissociation of ,he cal, type from the chosen ECM iigand coating the 

" ^ ~ ima9e sof-ware ,! 1 

~T ima9S aCqUlS " IOn ' re ^*- °< »» -VP* of -anua, ce. coun, to 

caicuiate how many ce„s have responded by dear dissertation from me adhesion- 

-My of a spe a „c reagent. Here the dissociation affinity refers ,o me response of a 
o- by d,ssoc,a«,on from me ECM iigand-coated channel i.e. me greater me number o 
c* d,ssoc,a,ed from ,he panicuiar ECM iigand. the greater me dissociation 
*at reagent. Since me percentage of ceiis from the initia, sampie o, Known 1 
concern is Know,, the dissoc^on affinity resu„s in ^nation 0 £ 
percentage o, me adhered ceiis wbich subseguentiy dissertated. An identica, tes, 1 
be done for an endotheiium iayer and one detachment reagent Then using the 
assay assembiy 60. many venations on me test can be earned ou, whirtn wii, be easi,y 
apparent, whether they be one cei, type and sevetai ECM „gands and one or m l 

dial reaSen ' S: KM ' i9and ' ~" Ce " *~ « ™ - -ore 

detr ,ea9emS; SeVeral ^ ' yPeS ' 0TO «" *~ « ~ « more 

ZZZ ZT ° bvious ' y ' a " ,hese vana,fons "■ ba readi,y a — ^ « ^ 

appreciated that the assay assembly 60 is available. 

Refernng to Fig. ,o. mere is iiiustrated a modified torn, of me biocnip i„us,a,ed in Fig 
and s,nce ,« „ substantia,^ identica, to the biochip in Fig. 1 , is idenMed by ,he same 
ef rence numera, 50 and simiiar pads are iden*d by ,he same reference numera,s 
in m, embodiment, mere is an addition, inpu, pod 3 wim an assorted bubb, 
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R 9 . 11 iHustra.es another biochip assembty. indicated again by the reference numerat 
60 incorporating the biochips 50(a) to 50(f) of Fig. 10. 

5 u^, TT 0 " °' b ' OChiP biOCWP aSS6mb,y °' R9S 10 a "« 1 1 * 

usefu, for chemoKine, cytokine and chemoattraoan, induced cetiular atres, assays. 

Refetnng now, for example, to Fig. 10, the biochip 50 can be used in assays is to 

detente whether a cell, (or example, a lymphocyte crawling in response to a 

pad,cular chemoattractan, is in,eg ra ,ed with the endotheiia, or ECM iigand utNised 
Aga,n , n h assay the ^ Qf ^ ^ ^ ^ ^ ^ 

med.at.ng/.nduang ECM injected a, pod 2, and outputted a, pod 6. Once it is ready 

rrrr ,he *■"• assay as ^ ° ut be, ° re * * «*-*-< — ~i 

a, iTt" 9 ^ ChSm ~"'^ - Reeled a, pod4 with an output 

Pod 6. F,g. 12 wnicn is subslantially sim „ ar , 0 F . g 5 . ||ustrates ^ Needfess 

say, .nstead of using an ECM iigand. an endothelium layer may also be used. 

Then, to investigate celMar navigation, the biochip assembly of Fig. 1 1 may be used to 
*™ 3 Ce " in re *>°nse to chemokine is integrated w» (he 

:,t: ;; ,h ; ECM ,i9ana ussd nm ' ,or ^ ° ne «*> — ^ - ^ 

a, pod 38 w,th outputs a, pods 2. 4, 6 and 8 (or biochip 50(a). 50(b) and so on. Then 
apad^ar ^ ^ be hjected „ port 38 ^ ^ ^ a ^ . 

pod 8 for txochip 50(b) and so on. A chemoattractant would then be injected in pod 6 

wlT a ',T 2 b '° ChiP ^ ^ ,he " 3 "~ * ~ ™rac,an, 
would be ^ a, pod 12 with an output a, pod 8 for the biochip 50(b) and so on 

several chemoatlractants, and so on. In other worn, thena are many permutation 
and combinations to study cellular navigation. ™utat,ons 

CelMar activation can be studied using the biochip assembly 60 of Fig 11 The 
purpose of the assay is ,o define i, the nature of the eel, (e.g. ymphocyle, 
«*-on detemtines binding specificity or preference for either the ECM liga or^n 
ndividua Chemoadractan, migratory signals. In this case, the microchanne s o, each 
«M* b,ochip 50(a) to 50(0 are individually coaled with specie malnx ligands e g 
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fibronectin, collagen or hyalaronic acid in the case of lymphocytes injected at port 2 
with output at port 6 for biochip 50(a), injected at port 8 and output at port 12 for 
biochip 50(b). and so on. Cells are permitted to crawl through a protein coated 
channel before encountering multiple channels coated with individual matrix molecules 
by injecting the protein at port 38, output at ports 6, 12 , 18, 24, 30 and 36, injecting the 
cell type at port 38 with output at ports 2, 8, 14, 20, 26 and 32. The choice of channel 
can be analysed with response to the nature of the cell activation or nature of the 
chemoattractant signalling. In this case, one or several chemoattractants may be 
incorporated, for example, injecting the first chemoattractant at port 4 with output at 
port 6 for biochip 50(a), injecting the next chemoattractant at port 10, output at port 12 
for biochip 50(b), and so on. Hence, cells will be activated utilising multiple individual 
signals. The effects of such activations can be studied to determine whether the 
nature of activation determines either ligand or chemoattractant preference. 

It will be appreciated that these tests can be carried out using separate cell types, 
several ECM ligands and several chemoattractants. Again, the variations are endless. 
Indeed, one cell type, an endothelium layer and several chemoattractants may be 
assayed, as can several cell types, the one endothelium layer and several 
chemoattractants. 

Referring to Figs. 13 and 14, there is illustrated an alternative construction of 
composite symmetrical biochip 50 in which there are two main microchannels, namely 
the microchannels biochip 51(a) and 51(b) having two main microchannels joined 
together by a connecting microchannel 51(c). In the microchannel 51(a), 
chemoattractant can be injected through the port 6 and the sample liquid through the 
port 8. Then, by judicious choice of the fluid flow of both the chemoattractant and the 
sample liquid, it is possible to introduce flow between the two channels, as illustrated in 
Fig. 14. Alternatively, it is possible to fabricate, effectively what is now a symmetrical 
biochip, in such a way that the pressure of the flow of the chemoattractant is equal to 
the pressure of the flow of the sample thereby resulting in no diffusion or leakage at 
the interconnecting channel with any movement of the cell through the connecting 
channel being caused by the chemoattractant. 

Figs. 15 and 16 and Figs. 17 and 18 show still further alternative embodiments with 
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views similar to Figs. 13 and 14 respectively, except that in this case, it is the 
microchannel 51(a) which carries the sample. 

Referring to Figs. 19 and 20, there is illustrated an alternative construction of biochip, 
5 again indicated generally by the reference numeral 50. In this embodiment, there is 
provided an additional inlet port 4 as heretofore, however, in this embodiment, the 
connection between the inlet port 4 and the main microchannel 51(a) is through a 
feeder microchannel 51(a) a restricted throat, as shown in Fig. 20. Essentially, this is 
for the injection of a chemoattractant such that the entrance diameter, that is to say, 
1 0 the cross-sectional area of the throat is smaller than the cross-sectional area of the cell 
C under examination when the cell C is in free suspension and flowing as illustrated in 
Fig. 20. Thus, for example, a cell C 2 , on approaching the throat 56, has to squeeze 
itself through as illustrated by the cell C 3 . Figs. 19 and 20 show one cell type, one 
ECM ligand and one chemoattractant. Needless to say, using the same arrangement 
15 of biochip assembly 60, as illustrated in Fig. 11, with the restricted throat 56, multiple 
assays may be earned out. Accordingly, for example, assays with one cell type, one 
ECM ligand and one chemoattractant, or with one cell type, one endothelium layer and 
one chemoattractant, may be earned out with one biochip 50. However, for one cell 
type, one ECM ligand and several chemoattractants or several cell types, one ECM 
2 0 ligand and several chemoattractants, or one cell type, several ECM ligands, several 
chemoattractants, or several cell types, several ECM ligands and several 
chemoattractants, or one cell type, one endothelium layer and several 
chemoattractants, or indeed, several cell types, endothelium layer and several 
chemoattractants may all be assayed with the biochip assembly 60. 
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Similarly, the same arrangements of Figs. 13 and 14; Figs. 15 and 16; and Figs. 17 and 
18 could all be used subject to a restricted throat being provided. Needless to say, all 
of these embodiments may be altered in order to encompass several interconnecting 
sections enabling the execution of several separate tests in parallel. 

Referring to Figs. 21 and 22, there is provided a biochip again indicated generally by 
the reference numeral 50, comprising two separate main microchannels 51(a) and 
51(b) connected by a connecting microchannel 51(c). One of the main microchannels 
51(a) has input ports 2 and 4 and the other main microchannel 51(b) has outlet ports 6 
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by the same reference numerate JZT ° are 

«*. s„ immina . towards c:i::: a toassaych ~ s ' — * 

5 "™ - ce,denVed, „ ,n let « 2 ^ T *"»»■""" « 
therethrough and the inlet port 4 has th. , , chemoa »«tent delivered 

steams. the chentoartraotan, eVand h 7 ;' qUW ' 

suspension. F, 8 . 22 shows lnal as 1 Zl ^ «» 0 in 

— - by C S , progress into «~ - - 

10 hM ««-»*-■ «ow of the Chemoart^ctamsi and ,n 7 ra,Cro ~ 

cells C. w the channel length L is shorted T < *" d SamP ' e •» 

-Lure medium, then the a sa ^ ^ °' ** *~«an, or 

-Vated prtorto adhesion to a Iu Jl,r ne ^ 3 "* r ~ - 

5 Ideally, me microchannels of the biochin sn , 

a hyd ro pho b ic surface and thu 1 "* 3 '° 

- any movement towards the h m ^ J * "* miCr ° Channa ' «~ « 

1 Referring now to Fia 9^ th^ 

•» reference numeral 70 ~y by 

- -.nee nume ra , 50 ' ~ £ J * «■ -in b y 

'0. .here is a common port 37 which connect I a^'th D '° ChiP *~ 

and thus several cell types and on* k '"tetconnecting channels 

-moadractan, and Jone Z Z CTT" ^ " ^ " ~- 
used to filter out one cel, type for cotler*, T 23 »e 

- fom, of a cet, r,„enng ^2 " ^ 7 *~""* ^ ~* ba 

separation of one or more cell types , rom samples. 

Referring to Fig. 24 there is i/lust t d 

reference numeral 50 h av ,l' P ° n '° n ° f 3 b '° Chip again ind ''cated by the 

~ 51 andsui^rs r b a T *"* " * "» «*^, 

feeder miaochannels si W and 51 7 7" * miC ~ al 51 <* 

The sampie liguid cental £. 2 Z , "** " ^ 

-~n, having an a^ °» - 

Ma) is fed through the feeder 
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microchannel 51(b) to establish multilaminar flow with the samnle „'„ •„ T „ 

migrate into ,he chemoattractan, and ou, the II* ! ' TheC * C < a > 

— « r:r i(b) - - 

^oltbechemoattractantmaybeprovided. ' ^ °' 

5 

.'n.era* 9 severa , d ^nttls 0 b " - »<™ 

0 possible ,o coat (be rrtcrocha^T ! *"*««.nt and me ce» type, i, is 

on. ,n otber word s Za 7 indMdUa ' ^ KM *"* — so 

ou.w„b Je~r °' teS ' S a ' ready d ™ ™» - - -.ed 

desenbedw* re, en^to Co * " ** '° — 

numeral Tbe £T 9 ^T" ^ "* ^ * "» "» 

There is a main microchannel 51(a) which bas an inlet port 2 and 

-^e.pod.d^r,:— r-r 1 "— 

i^^rr cui,ure med ™ ~ 9 - « - — - - 

P« 7. This culture medium L L , m,Cr0We " 59 ttlrOU9h "» 0l " te > 

«~ tbe eel, m LZZZZZ T ^ " '° 

sample is delivered ° ^^actan, and/or toxic 

— pod 6. Tb su be „ T„ * T* *» 51 < a > « « - 

S-tertban in ^e m c ^ 1 ^ I" 51(a) is s,i a b„ y 

s«V - »e behaviour o( ,be ce,„ (or .amp, ^^r^r £ 



™s would be a veiy flood way for Z JlTT ^ ° r ~ 

» — *» -he effect. , f any , on fc B ^£ B r> ■ — 
microchannel walls ana the micmw.,, „ ' ' $ P 03 * 1 " 6 ,0 «** <he 

~ r 8ye , Agai ~r ^ SP6 * ECM *— - 
different ECM lioan,* L-LT " "" sonn «*"8 ^nnels n,ay be 

coated with 

■vPes or chemoa ttractan , CiltT" °' ™ " "™ ~ 

" fomt par, of a larger assay essembly " PP ~ 016 b,0Chip 58 «« 

analysis S mes antf ,ar g er ^£T?£T" »*" 
5 Additionally, in inning several assavs • ^ diS ' anCes iw0 '^ 

manipulated s,ep by ' ^ T ^ "* h a " — * can be 

no. only more ^ favouLteC a * """"^ ^ 71115 * 

hazardous chemicals are involved environmentally beneficial where 

f 

In addition to chemical production there are n„ m 

-vices according to the present ZZ " "** - »*» 

microbiology, phamia ™ on 030 make a contribution, such as 

sconce. The pnasen, ;oa^ TT* ^ enV ~ a ' « ~ 
-d combinatorial .^JTlir^'*^ '° *" "* ° f d ~ 9 
Pharmaceutical * savings for 

that it mimics in vivo testing. Obviously Ih tl ^ °' ** PreSem iWenti °n - 

*• - cens and me dnj g « ^ ^"«'~" <~. »e re is a constant 

~o,p ro du, S muchmoreaccu: te r;::: t r micr ° — 

- in vivo situation. Second Z ^ ~* ^ " - 

— . ,n vitro. Tha pres i m ^r: r znT" 9 and ~ n9 

S ° ne t0 s,mula te in vivo conditions 
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^ 6TO « «* of hhn ging a dnjg to H,t roUS ,eS ' in9 inV °' Ved 3 ~» *• 
Sanies must J* 2T en0m ° US " iS ' 0r — n tha, 

" The present invention essentiatiy provides <ech„- 

- Brecon ota , arg e n^^^" assays tha, test 

- suspected toxic sampfes w „ h ^ «» P™*. for exampie. candidate Prugs 

- vivo situation or congous ^ ^ 2 °* ""^ ^ 
^ate as tar as possibie the nature, situalT tT*" '° *" 

«— a, present, for suoh microchips. mfc ~<*9 which is often 

6 Camed out in accordance with 



- 25 - 



the present invention. Indeed, some of the tests according to the present invention are 
not so much tests, as indeed filtering operations. 

In the specification the terms "comprise, comprises, comprised and comprising" or 
5 any variation thereof and the terms "include, includes, included and including" or 
any variation thereof are considered to be totally interchangeable and they should 
all be afforded the widest possible interpretation. 

The invention is not limited to the embodiments hereinbefore described but may 
10 be varied in both construction and detail. 



